INTRODUCTION
In weaned sows, estrus can be induced by injecting 600 to 1,000 IU of eCG (Brussow et al., 2009) or a combination of 400 IU of eCG and 200 IU of hCG (PG 600, Intervet/Schering Plough Animal Health, Boxmeer, the Netherlands) on the day of weaning (Kirkwood et al., 1998) . Estrus responses to treatment can be variable, and breeding to a hormone-induced estrus can result in decreased farrowing rates, smaller litters, or both (Estienne and Hartsock, 1998; Kirkwood, 1999) . We have demonstrated in prepubertal gilts that hCG treatment subsequent to PG 600 increased early luteal blood progesterone concentrations (Manjarin et al., 2010) , which may be a consequence of an increased number of corpora lutea or an increased progesterone output by individual corpora lutea. If numbers of ova released or embryo survival are increased because of enhanced luteal function, larger litter sizes may ensue. Therefore, we Effect of gonadotropin treatment on estrus, ovulation, and litter size in weaned and anestrous sows 1 hypothesized that the fertility of sows receiving PG 600 at weaning would be improved by injection of supplemental LH-like activity. A more economical approach to reduce weaning-toestrus intervals is by treating only those sows failing to exhibit a prompt return to estrus after weaning (Bracken et al., 2006) , although treatment of anestrous sows often results in poorer fertility, possibly because of inadequate follicular development in a proportion of the anestrous sow population (Lucy et al., 2001; Bracken et al., 2003) . Injection of FSH into gilts promoted growth in the small follicle populations (Guthrie et al., 1990; Bolamba et al., 1996; Knox, 2005) . Therefore, we hypothesized that injection of FSH into anestrous sows would enhance the growth of small follicles, potentially generating a larger pool of medium follicles that would respond to an eCG injection. The objectives of these studies were first, to determine the effect of pretreatment with FSH on the reproductive responses of gonadotropin-treated anestrous sows, and second, to determine the effect of dose and timing of administration of supplemental hCG on reproductive responses of gonadotropin-treated weaned sows.
MATERIALS AND METHODS
Animals were cared for humanely in accordance with the University of Leon institutional animal care guidelines.
Exp. 1: Effect of Prior FSH Treatment on Response of Anestrous Sows to eCG
This study was performed on a 1,000-sow farrowingto-weaning facility near Leon, Spain, during July, August, and September of 2007. At weaning, mixed-parity Hypor (Large White and Landrace breeding) sows were housed in individual gestation stalls and fed 3 kg/d of a gestation diet formulated to provide approximately 3,265 kcal of ME/kg and 0.55% total lysine. All sows received 5 min of daily fence-line boar contact from 2 d after weaning to facilitate estrus detection. At 7 d after weaning, 87 sows that had failed to exhibit estrus were allocated to 4 treatment groups balanced for parity and received 1) an intramuscular (i.m.) injection of 400 IU of eCG plus 200 IU of hCG (5 mL of PG 600, Intervet/Schering Plough Animal Health) on d 9 (n = 23); 2) 600 IU of eCG (3.0 mL of Folligon, Intervet/ Schering Plough Animal Health) on d 9 (n = 20); 3) injection of 87.5 IU of FSH (Folltropin, Bioniche Animal Health, Belleville, Ontario, Canada) mixed with polyvinyl-pyrrolidinone C-30 (5 mL of PVP, Plasdone C-30, ISP Technologies Inc., Wayne, NJ; average molecular weight = 58,000) on d 7 and d 8, followed by 600 IU of eCG on d 9 (n = 24); or 4) noninjected controls (n = 20). Sows were not restrained for injection. The dose of eCG was chosen on the basis of known efficacy in weaned sows (Cassar et al., 2005) . The objective of administering FSH in PVP solution was to prolong the period of biological activity of the hormone (Jackson et al., 2006) . The PVP solution (30%) was prepared by dissolving 15 mg of PVP in 40 mL of distilled and deionized water; this was stored at 4°C until use.
Boar exposure for estrus detection continued for an additional 7 d, and estrous sows were artificially inseminated with 3 × 10 9 sperm from Centrotec (Campo de Villavidel, Leon, Spain) at detection of estrus and at 24-h intervals if still exhibiting estrus. All sows received a minimum of 2 matings. Bred sows were allowed to go to term to determine farrowing rates and subsequent litter sizes. To determine the ovulation responses to hormone treatment, blood samples (8 mL) were collected, and the serum was harvested within 4 h by centrifugation at 2,000 × g for 4°C for 15 min. Samples were obtained from all sows via jugular venipuncture at 9 and 19 d after weaning and analyzed for progesterone concentrations in a single assay using a commercial ELISA kit (Immulite, Siemens Medical Solutions Diagnostics, Tarrytown, NY). Assay sensitivity and intraassay CV were 0.2 ng/mL and 8.1%, respectively. An increase in progesterone concentrations from <1 ng/mL on d 9 to a minimum of 5 ng/mL on d 19 was considered to indicate an ovulation response to treatment (Althouse and Hixon, 1999) .
Exp. 2: Effect of Supplemental hCG on Response of Weaned Sows to PG 600
This study was performed at the same facility as above during July, August, and September of 2008. A total of 247 mixed-parity Hypor sows were weaned into individual gestation stalls and fed 3 kg/d of a gestation diet formulated to provide approximately 3,265 kcal of ME/kg and 0.55% total lysine. Sows were assigned by parity (1 and 2 vs. ≥3) to receive an i.m. injection at weaning of 1) 400 IU of eCG plus 200 IU of hCG (5 mL of PG 600, Intervet/Schering Plough Animal Health; n = 15 for parities 1 to 2, and n = 40 for parity ≥3, respectively), 2) PG 600 with 100 IU of hCG (0.33 mL of Chorulon, Intervet/Schering Plough Animal Health) injected i.m., either concurrently (n = 14 and 34, respectively) or after 24 h (n = 18 and 32, respectively), or 3) 200 IU of hCG (0.66 mL) injected 24 h after PG 600 (n = 14 and 31, respectively). Sows were not restrained for injection. An additional 54 sows served as noninjected controls (n = 14 and 34, respectively). The hCG doses were chosen on the basis of observed efficacy in a gilt model (Manjarin et al., 2010) . All sows received 5 min of daily fence-line boar contact for a period of 7 d after weaning to facilitate estrus detection. Estrous sows were artificially inseminated with 3 × 10 9 sperm (Centrotec) at detection of estrus and at 24-h intervals if still exhibiting estrus. All sows received a minimum of 2 matings. Sows were allowed to go to term to determine farrowing rates and subsequent litter sizes.
Statistical Analyses
In Exp. 1, the effect of gonadotropin treatment on the response variables was analyzed using a generalized mixed model (PROC GLIMMIX, SAS Inst. Inc., Cary, NC). Both treatment and parity factors were included as fixed effects. Response variables, including frequency of estrus and ovulation and sows farrowing, were expressed as the number of cases assuming a binary distribution. The effect of treatment on weaning-to-estrus interval and litter size was analyzed using the mixed model procedure (PROC MIXED) of SAS, assuming a normal distribution and including the effect of parity as a fixed term. A value of P < 0.05 was set as the significant level in testing all ANOVA results. Mean differences for all treatments vs. the control were computed and reported.
In Exp. 2, the effect of gonadotropin treatment on the response variables was analyzed using a generalized mixed model, with treatment and parity as fixed effects. Response variables, including frequency of estrus and sows farrowing, were expressed as the number of cases, assuming a binary distribution. The effect of treatment on weaning-to-estrus interval and litter size was analyzed using the mixed model procedure including the effect of parity as a fixed term. A value of P < 0.05 was set as the significant level in testing ANOVA results. Mean differences for all treatments vs. the control were computed and reported.
RESULTS

Exp. 1
The effect of parity was not significant. All sows used in this study had nondetectable progesterone concentrations on d 9 after weaning, whereas all sows determined to have ovulated had circulating progesterone concentrations of >20 ng/mL on d 19. There was no effect of treatment on weaning-to-estrus interval, estrus, ovulation, farrowing rate, or litter size (Table 1) .
Exp. 2
The percentage of parity 1 and 2 sows returning to estrus within 7 d after weaning was influenced by treatment, with all gonadotropin-treated groups increasing (P < 0.05) the estrus response compared with the control group (Table 2) . There was no effect of treatment on weaning-to-estrus interval, farrowing rate, or subsequent litter size. Treatment of parity ≥3 sows had no effect on weaning-to-estrus interval, estrus response, or litter size (Table 2) . However, compared with control sows and sows receiving PG 600, farrowing rate was decreased (P < 0.05) for sows injected with 200 IU of hCG 24 h after PG 600.
DISCUSSION
In Exp. 1, we hypothesized that sows pretreated with FSH would have greater estrus, ovulatory, and farrowing responses to eCG injection, presumably because of enhanced follicular development, but this was not evident. Although we did not measure ovarian follicle growth in this study, based on a previously published similar FSH-treatment protocol (Jackson et al., 2006) , it is likely that even those sows that failed to ovulate had early antral follicle growth initiated by FSH treatment. In turn, this likely indicates that sows pretreated with FSH that failed to respond to eCG treatment may lack adequate endogenous LH-like activity to maintain follicle development to preovulatory size. Indeed, nutritionally driven (and presumably seasonally driven) delayed estrus was associated with a reduced basal concentration of LH (Kirkwood et al., 1987) , and appropriate LH concentrations are required for follicle development beyond 4 mm (Driancourt et al., 1995 , Liu et al., 2000 . Interestingly, PG 600 contains 200 IU of hCG, and we observed no difference in estrus or ovulation responses between eCG-and PG 600-treated anestrous sows. However, previous work has demonstrated that even when treating sows with PG 600, some endogenous secretion of LH is required to sustain follicle growth, and the preovulatory LH surge is entirely endogenous (Kraeling et al., 1990; Garcia et al., 2004) . Therefore, the less than 50% estrus response to gonadotropic stimulation of anestrous sows in the present study, compared with 70% or greater in sows treated with gonadotropins at weaning (Britt et al., 1986; Bates et al., 1991; Kirkwood et al., 1995 Kirkwood et al., , 1998 , may be due to anestrous sows needing a more prolonged period of LH-like activity than that provided by PG 600 to stimulate and maintain ovarian follicular growth. Bracken et al. (2006) reported a 93% estrus response of anestrus sows to PG 600 injection 7 d after weaning. The reason for the difference in response rates compared with the present study (43.4%) is not known. However, the response of anestrous sows to hormonal stimulation will depend on the degree of follicular development at the time of treatment. The mean diameter of ovarian follicles in the study by Bracken et al. (2006) was approximately 4 mm, a follicle size associated with a transition to LH control (Driancourt et al., 1995) , and thus greater responsiveness to the hCG component of PG 600. In contrast, heat-stressed sows had follicles of only <3 mm in diameter (Lucy et al., 2001; Bracken et al., 2003) , and historically, sows on our study farm have exhibited marked seasonal infertility. However, we did not measure follicle size in the present study, so a comparison between the sow populations was not possible.
The results from Exp. 2 indicate that supplementing weaned sows with different amounts of LH-like activity at different stages of a follicular phase induced by PG 600 did not improve estrus response, pregnancy rate, farrowing rate, or litter size compared with treatment with PG 600 alone. This result was not completely unexpected because in our previous work (Manjarin et al., 2010) , we found that the effect of supplemental LH-like activity on progesterone concentrations in prepubertal gilts was age dependent, being less evident as the population aged and with the endogenous LH support likely becoming adequate to support follicular development. In the present study, we found that injecting younger sows with PG 600 increased estrus response rates compared with injecting control sows, but there was no effect of supplemental hCG. In contrast, PG 600 did not affect the estrus responses of older sows, but farrowing rate was reduced in the sows receiving 200 IU of supplemental hCG. It is possible that more sows injected with 200 IU of hCG 24 h after PG 600 expressed estrous behavior without ovulation, which would manifest as a reduced farrowing rate. Further, it is possible that an excess of hCG in older sows down-regulated follicular LH receptors, as was shown to occur in rat granulosa cells (LaPolt et al., 1990) , which could have the effect of inhibiting ovulation. It is also possible that the supplemental hCG interfered with the maintenance of pregnancy because of cyst formation. Indeed, we recently noted a high incidence of cysts in PG 600-treated prepubertal gilts receiving 200 IU of supplemental hCG 24 h later (J. C. Garcia, unpublished data), and it was shown previously that administration of PG 600 at greater doses than recommended induced cysts . Follicular cysts in sows act as a primary source of progesterone (Close and Liptrap, 1975) , and inappropriately timed increases of progesterone could result in a uterine milieu not conducive to embryo development.
From the above discussion, we suggest that responsiveness of anestrus sows to exogenous gonadotropins Means within row followed by different letters are different (P < 0.05). 1 Intervet/Schering Plough Animal Health (Boxmeer, the Netherlands). 2 Chorulon (Intervet/Schering Plough Animal Health). 3 Data in parentheses are percentages. 4 PG 600 injected concurrently with 100 IU of hCG. 5 PG 600 followed after 24 h with 100 IU of hCG. 6 PG 600 followed after 24 h with 200 IU of hCG. 7 Means ± SE.
will depend on the combined effects of initial follicle size and ongoing luteotrophic support. Anestrus sows are likely to have reduced endogenous gonadotropin concentrations, which could limit their ability to support ongoing follicular development as well as populations of smaller size follicles. We speculate that under these conditions, the injection of supplemental hCG is more likely to enhance the response to PG 600.
We conclude from the present data that supplemental LH-like activity does not improve the fertility rate when added to the PG 600 treatment 24 h after weaning and is therefore not indicated as a common protocol for the induction of estrus and ovulation in weaned sows. We suggest that given the dynamic changes in follicular control mechanisms around the 4-mm follicle stage, it is possible that currently available gonadotropin preparations or their modes of administration may be inappropriate for many seasonally anestrus sows. An improved understanding of the effect of LH on follicular growth may facilitate the development of improved protocols for hormonal induction of estrus in this population of sows.
